The quality of many laser-based measurements critically depends on the spectral purity of the employed laser source. For this reason, researchers have tried to reduce phase and frequency noise of lasers ever since its invention 50 years ago. These efforts have culminated in laser oscillators with linewidths below 1 Hz, and a relative Allan deviation below 10 -15 , by locking a laser to a ~1 dm 3 -sized Fabry-Perot (FP) cavity, whose geometry and materials has been engineered to reduce the sensitivity to thermal and acoustic perturbations.
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In this work, we have followed a different approach, by locking a laser to a much more compact (~1 cm 3 ) whispering-gallery mode (WGM) resonator made of a single crystal of magnesium difluoride. Its smaller size and monolithic nature inherently reduces the sensitivity to vibrations. Furthermore, in contrast to the highly wavelength-selective mirror coatings employed in FP resonators, WGM resonators are intrinsically broadband, limited only by material absorption.
A (Littman configuration) external cavity diode laser (λ=972 mn) is locked to a WGM using the Pound-Drever-Hall method. The resulting frequency stability (Fig. 1 ) of the laser is quantified by measuring an optical beat note between the WGM-stabilized laser with an ultra-stable optical reference, an independent laser locked to a high-performance FP cavity [1] . Uncompensated laser phase noise, and slow temperature drifts limit the stability at very short, and very long measurement times, respectively. At intermediate timescales (10 ms to 1 s), a relative Allan deviation below 10 -13 is reached, which constitutes an improvement of nearly two orders of magnitude over similar devices [2, 3] . This level of instability is compatible with thermorefractive noise, a fundamental source of noise due to thermodynamic fluctuations of the material's temperature in the optical mode volume [4] . Operating the cavity at cryogenic temperatures or close to 74°C, where dn/dT of MgF 2 vanishes, could further improve stability. Fig. 1 Allan deviation in Hz, and normalized to the optical carrier at 308 THz. Black diamonds are reference measurement of beat note stability between two lasers locked to two FP resonators [1] . Red squares are Allan deviation of beat frequency between two lasers locked to a FP and the WGM resonator with a linear drift of 38 Hz/s removed. Open squares show data without removing drift. For comparison, gray circles show the Allan deviation measured between a FP-stabilized laser and one tooth of an optical frequency comb stabilized by a hydrogen maser, the specified relative Allan deviation of which is indicated by triangles. Blue and orange dashed lines are the estimated minimum Allan deviation due to thermorefractive and photothermal noise, respectively.
